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Investigaton No. 1420, 

Examination of  n  FaUed Alurlrium Alloy Rivet Joint, 

Or in cf Probler: 

a letter dated  May 7th, 1943 (File Noo 938AC-

1-5-AME EU),  A/C a. L. Johnson, for Ghief of the 

Staff, Department of National Dfence for Air,  Ottawa 9  

Ontario, requested the investigation of the cause of 

failure of aluminium aloy rivets in an Elevator Control, 

Front Countershaft 3o1l.ngbroke TVT. 

It was a -Gated that  the rivets sl-,ould meet '.:he 

requirements of A.q1 .S. 259,  which specifies  the use of 

aluminium allo7 made to B.S 0  Specification L37 (heat 

treatnent: quick quench from  a  temperature of 480e 	1C?' C. 

in cold ater before use). 
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Maberial Received: 

Figure  1  shows  th o elevator control assembly 

It as received". 

Pluee 

SAMPLE AS RECEIVED. 
(Approximaely  *  size.) 

Figure 2 shows the failed joint at approxlmataly 

aci:ual size. The  rivet  holes  in  the tubing are visil4y 

defomed. 
teioure  2 

. 	0 

FAIIED JOINT. 
(Appro,;(imately actual size.) 
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(Material Receive(', cont , d) 

A broken piece of one of the failed rivets warl 

submitted »  tnd  th  s inner ends of th  a broken rivets remaned 

in the >int.. (see  rigu...:e 3) 0  

FiFure_5„ 

INNER ENDS OF MOKEN RIVETS 
REMAINING IN  THE  Joirrc 

(Appro7.imatcly actual  size,„ 

Chemiecal 
Tubne, 	Rivets 

- Per cent  - 

Copper 	- 	4,43 	4,19 
Magnesiun 	- 	00 58 	00 64 
Mananese 	- 	0,60 	(161 
Irou 	- 	0 35 	0,19 
Silicon 	- 	40 44 	0 0 50 
Titanium 	- 	0,005 	- 

Hardness: 

Hardness was determinld b -,;' the Vickers msthod, 

using a 5-ki 1ogram  

Rivet 	- 	77 V,E,N, 

Tubing  - 110  V,H,N, 
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Microscoic  Examination:  

Figures 4 and 5 show the microstructure of  the 

examined tubing. The structure is normal for an  Aluminium 

Alloy 173T which was subjected to considerable plastic 

deformation and later fully heat-treated 

X100, etched*. 

TUBING  -  CROSS-SECTION. 

X100, etched° . 

TUBING - LONGITUDINAL  SECTION. 

Figure 6 shows the microstructure of the submitted 

piece of rivet.  The structure  reveals that the material was 

only  annealed and cold-worked (in the joining operation), 

Yo  proper solution-heat treatment was performed on  it. 

Elere 6 . 
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RIVET  -  LONGITUDINAL SECTION. 

Etched in  Yeller's reagent: 1 per cent LP',  1.5  per cent  HC1, 
2.5  per cent HNO3, and 95 per cent R20. 
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Annealed 
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BritiSh Standard Sneefloation 21,37: 

"4. (a) The rode wire and tubes shall be eupplled in 
. the annealed condition, 

Note Rods e  wire and tubes s  Which are not worked 
— „ 

within a reasonnble tin» after delivery may have 
hardened sufficiently to prevent than heading 
satisfactorily s  in which case they should be 
annealed.at 	mperature of not loss than 56CP C. 
nor,more than 4000  

15. (a) Rivets shall be supplied in the 'as formed or 
'headed' condition withoUt further treatment, 
unless otherwise specified on the order. 

(b) All rivets shall be hoatod uniformly at a 
temperature of 495° C. plus or mlnus . 10° C, 
and quendhed In  water immediately efore use." 

esn 

Discussion of Results: 

The results of hardness tests and the microscopic 

examination show that the rivets were used without previous 

solution-heat treatment. 

For comparison of the mechanical properties of 

Aluminium Alloy 175  wire after different heat treatments, 

the following table  of average values is given,1 

Ail 0v  
.r.h..1.,reyers57,..Lee-ue 

Heat treatment 
Brinell hardness 
Ultimate tensile 

strength, p o s o l o  - 
Yield strength,  p. c. I - 
Elongation, per cent 

In 2 inches 
Shear strength, p„s o l„ 	180 000 
Fatigue strength, p„s.i'. 	110 000 

14'7 0 M 

Fully heat treated 
- 	100- 

62 0 000• 
40,000 

22 
56,000 
159 000 

The hardness value determined on the oxamlned rivot  

(77 V.H.N.) is hlehor than the average given above for annealed 

material s  due to the considerable cold work from. the heading 

0 
Aluminum  Co o  of Canadas  Ltd., Specifications, 

February 1942 e  p o  16. 
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- (Di scussion  of Results, conted) 	 . 

and the jelning•oporatioas,L plus  corne  little  ageing e.fect, 

and also due to the difference In the'hardness values as-

measured by the Brinell and Vickers methods respectivoly. 

For those alloys in this rango o  Vickers hardnesS, values are 

slightly higher °  

tt 

• • PŒCLUSIONS. 

" The rivetà - uSed for the failed joint were not 

solution-hoat - troated e  apparently due to a mistake. In 

the aircraft factory., 

The much . lomer mechdnical properties of the 

•used material  were  certainly a contributing ..facter to 

.the failure °  
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